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GHWHUPLQDWLRQRI IHDVLEOH VHTXHQFHVRIPXOWLSOH GLVWLOODWLRQ FROXPQVZKHWKHU RQ WKHEDVLV RIPLQLPXP
RYHUDOO HQHUJ\ FRQVXPSWLRQ WRWDO DQQXDOL]HG FRVWV VXVWDLQDELOLW\ RU VRPH RWKHU PHWULF KDV EHHQ WKH
VXEMHFW RI DFDGHPLF DQG LQGXVWULDO LQYHVWLJDWLRQ IRU PDQ\ \HDUV 7KH V\QWKHVLV RI GLVWLOODWLRQ FROXPQV
VHTXHQFHIRUPXOWLFRPSRQHQWIHHGPL[WXUHVKDVEHHQDFKDOOHQJLQJSUREOHPLQSURFHVVGHVLJQIRUVHYHUDO
GHFDGHV'XHWRWKHLQGXVWULDOLPSRUWDQFHRIPXOWLFRPSRQHQWGLVWLOODWLRQFROXPQVVHTXHQFHV\QWKHVLVWKH
SUREOHPKDVEHHQH[DPLQHGE\ VHYHUDO UHVHDUFKHUV LQ WKH OLWHUDWXUH$ ODUJHQXPEHURI UHVHDUFKHVKDYH
EHHQ FRQGXFWHG WR KLJKOLJKW WKH DGYDQWDJHV RI D YDULHW\ RI PHWKRGRORJLHV IRU GHWHUPLQLQJ WKH EHVW
VHTXHQFHIURPDJLYHQQXPEHUFRPSRQHQW IHHGPL[WXUH7KHVHLQFOXGHHDUO\PHWKRGRORJLHVVXFKDV WKH
XVHRIKHXULVWLFVJHQHWLFDOJRULWKPVPL[HGLQWHJHUQRQOLQHDUSURJUDPPLQJ0,1/3PHWKRGVDQGRWKHUV
>@
,QJHQHUDOPRVWRIVHSDUDWLRQSURFHVVHVLQFKHPLFDOLQGXVWU\PDNHXVHRIVRPHNLQGRIGULYLQJIRUFHWR
DFKLHYH WKHGHVLUHG VHSDUDWLRQ%\GHILQLWLRQGULYLQJ IRUFHVH[SORLWGLIIHUHQFHV LQFKHPLFDORUSK\VLFDO
SURSHUWLHVEHWZHHQWZRFRH[LVWLQJSKDVHVLQDVHSDUDWLRQXQLW)RUGLVWLOODWLRQFROXPQWKHGULYLQJIRUFH
FDQEHGHILQHG DVWKHGLIIHUHQFHLQFRPSRVLWLRQRIDFRPSRQHQW LEHWZHHQWKHYDSRXUDQGOLTXLGSKDVH
GXH WR WKH GLIIHUHQFH RI SURSHUWLHV VXFK DV ERLOLQJ SRLQW DQG YDSRXU SUHVVXUH RI FRPSRQHQW L DQG WKH
RWKHUV 'ULYLQJ IRUFH FDQ EH PHDVXUHG E\ WKH ELQDU\ SDLU RI NH\ PXOWLFRPSRQHQW PL[WXUH RU ELQDU\
PL[WXUH ,Q WKHRUHWLFDOZKHQ WKHGULYLQJ IRUFHQHDU WR]HUR WKH VHSDUDWLRQRI WKHNH\FRPSRQHQWELQDU\
PL[WXUH EHFRPHV GLIILFXOW ZKLOH ZKHQ WKH GULYLQJ IRUFH QHDU WR KLJK SHDN RU PD[LPXP YDOXH WKH
VHSDUDWLRQEHWZHHQ WZRFRPSRQHQWVEHFRPHPRUHHDVLHU7KLV LVEHFDXVH WKHGULYLQJ IRUFH LV LQYHUVHO\
SURSRUWLRQDO WR WKH HQHUJ\ DGGHG WR WKH V\VWHP WR FUHDWH DQG PDLQWDLQ WKH WZRSKDVH YDSRXUOLTXLG
V\VWHP>@
,Q WKLVSDSHU WKH VWXG\DQGDQDO\VLVRI WKHHQHUJ\ VDYLQJ LPSURYHPHQW IRU WKHK\GURFDUERQPL[WXUH
VHSDUDWLRQVHTXHQFHE\XVLQJGULYLQJIRUFHPHWKRGZLWKRXWKDYLQJDQ\PDMRUPRGLILFDWLRQVWRWKHPDMRU
VHSDUDWLRQXQLWVLVSUHVHQWHG7KHUHZLOOEHRQO\PRGLILFDWLRQVWRWKHVHSDUDWLRQVHTXHQFHVEDVHGRQWKH
GULYLQJ IRUFH UHVXOWVZKLFKZLOO UHGXFH WKH HQHUJ\ UHTXLUHPHQW:HZLOO LOOXVWUDWH VRPH HQHUJ\ VDYLQJ
GLVWLOODWLRQFROXPQVVHTXHQFHDQGSUHVHQWKRZWKHXVHRIGULYLQJIRUFHPHWKRGKHOSVLQGHWHUPLQLQJWKH
RSWLPDOVHTXHQFHZLWKOHVVHQHUJ\UHTXLUHPHQW

1RPHQFODWXUH
0,1/3 0L[HG,QWHJHU1RQOLQHDU3URJUDPPLQJ
(('&V(QHUJ\(IILFLHQW'LVWLOODWLRQ&ROXPQV
(QHUJ\(IILFLHQW'LVWLOODWLRQ&ROXPQV6HTXHQFH0HWKRGRORJ\
7R SHUIRUP WKH VWXG\ DQG DQDO\VLV RI WKH HQHUJ\ VDYLQJ LPSURYHPHQW IRU WKH HQHUJ\ HIILFLHQW
K\GURFDUERQ PL[WXUH VHSDUDWLRQ VHTXHQFH (('&V VHTXHQFH PHWKRGRORJ\ LV GHYHORSHG EDVHG RQ WKH
GULYLQJIRUFHPHWKRG$FFRUGLQJO\WKHPHWKRGRORJ\FRQVLVWVRIIRXUKLHUDUFKLFDOVWHSVDVVKRZQLQ)LJ
,QWKHILUVWVWHSDVLPSOHDQGUHOLDEOHVKRUWFXWPHWKRGRISURFHVVVLPXODWRU$VSHQ+<6<6LVXVHGWR
VLPXODWHDEDVHH[LVWLQJFROXPQVVHTXHQFH7KHVLPXODWLRQPRGHOVRI WKHVWXGLHGGLVWLOODWLRQFROXPQV
V\VWHPV DUH LPSOHPHQWHG LQ WKH$VSHQ+<6<6SURFHVV VLPXODWRU ,Q WKH ILUVW VWHS WKH QXPEHU RI WKH
WKHRUHWLFDO WUD\V ORFDWLRQ RI WKH IHHG WUD\V DQG WKH UHIOX[ UDWLR DUH HVWLPDWHG ZLWK VKRUWFXW GHVLJQ
SURFHGXUH7KHHQHUJ\XVHGWRUHFRYHULQGLYLGXDOIUDFWLRQVLQWKHEDVHVHTXHQFHLVDQDO\]HGDQGWDNHQDVD
UHIHUHQFH,QWKHVHFRQGVWDJHDQRSWLPDOFROXPQVVHTXHQFHLVGHWHUPLQHGE\XVLQJGULYLQJIRUFHPHWKRG
$OO LQGLYLGXDOGULYLQJ IRUFHFXUYHVIRUDOODGMDFHQWFRPSRQHQWVDUHSORWWHGDQG WKHRSWLPDO VHTXHQFH LV
GHWHUPLQHG EDVHG RQ WKH SORWWHG GULYLQJ IRUFH FXUYHV 'HWDLOV VWHSE\VWHS DOJRULWKP LQ SORWWLQJ WKH
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GULYLQJ IRUFH FDQ EH REWDLQHG HOVHZKHUH >@ 7KH KLJKHVW YDOXH RI PD[LPXP GULYLQJ IRUFH ZKLFK
FRUUHVSRQGVWRWKHVSOLWWLQJRIWKHDGMDFHQWFRPSRQHQWZLOOEHVHSDUDWHGILUVWZKLOHWKH ORZHVWYDOXHRI
WKHPD[LPXPGULYLQJIRUFHZLOOEHVHSDUDWHGODVW





)LJ(QHUJ\HIILFLHQWGLVWLOODWLRQFROXPQVVHTXHQFHPHWKRGRORJ\>@
$FFRUGLQJ WR WKH GULYLQJ IRUFH PHWKRG DW WKH KLJKHVW YDOXH RI WKH PD[LPXP GULYLQJ IRUFH WKH
VHSDUDWLRQEHFRPHVHDV\DQGWKHHQHUJ\UHTXLUHGWRPDLQWDLQWKHVHSDUDWLRQLVDWWKHPLQLPXP:KHUHDV
DWWKHORZHVWYDOXHRIWKHPD[LPXPGULYLQJIRUFHWKHVHSDUDWLRQEHFRPHVGLIILFXOWDQGHQHUJ\UHTXLUHGWR
PDNHWKHVHSDUDWLRQIHDVLEOHLVDWWKHPD[LPXP>@2QFHWKHRSWLPDOVHTXHQFHKDVEHHQGHWHUPLQHGWKH
QHZRSWLPDOVHTXHQFHLVWKHQVLPXODWHGLQVWHSWKUHHXVLQJDVLPSOHDQGUHOLDEOHVKRUWFXWPHWKRGXVLQJ
$VSHQ+<6<6ZKHUHWKHHQHUJ\XVHGLQWKHRSWLPDOVHTXHQFHLVDQDO\]HG)LQDOO\WKHHQHUJ\XVHGLQ
WKHRSWLPDOVHTXHQFHLVFRPSDUHGZLWKWKHEDVHVHTXHQFH7KHFDSDELOLW\RIWKLVPHWKRGRORJ\LVWHVWHGLQ
GHVLJQLQJ PLQLPXP HQHUJ\ GLVWLOODWLRQ FROXPQ VHTXHQFH IRU K\GURFDUERQ PL[WXUH VHSDUDWLRQ SURFHVV
ZKLFKFRQVLVWVRIFRPSRXQGVSURSDQH LEXWDQHQEXWDQH LSHQWDQHQSHQWDQHQKH[DQHEHQ]HQH
F\FORKH[DQHQKHSWDQHWROXHQHQGHFDQHZLWKGLUHFWVSOLWWHUGLUHFWVHTXHQFHGLVWLOODWLRQFROXPQV
&DVH6WXG\+\GURFDUERQ0L[WXUH6HSDUDWLRQ3URFHVV
7KH FDSDELOLW\RI SURSRVHGPHWKRGRORJ\ LV WHVWHG LQGHVLJQLQJPLQLPXPHQHUJ\GLVWLOODWLRQ FROXPQ
VHTXHQFH IRU K\GURFDUERQ PL[WXUH VHSDUDWLRQ SURFHVV 7KH REMHFWLYH RI WKH K\GURFDUERQ PL[WXUH
VHSDUDWLRQ SURFHVV LV WR UHFRYHU LQGLYLGXDO IUDFWLRQV XVLQJ D GLVWLOODWLRQ FROXPQV ,Q WKLV SDSHU ZH
DVVXPHGWKDWWKHH[LVWLQJK\GURFDUERQPL[WXUHVHSDUDWLRQSURFHVVFRQVLVWVRIFRPSRXQGVSURSDQHL
EXWDQH QEXWDQH LSHQWDQH QSHQWDQH QKH[DQH EHQ]HQH F\FORKH[DQH QKHSWDQH WROXHQH QGHFDQH
ZLWKGLUHFWVSOLWWHUGLUHFWVHTXHQFHGLVWLOODWLRQFROXPQV
([LVWLQJ6HTXHQFH(QHUJ\$QDO\VLV
)LJ LOOXVWUDWHV WKHH[LVWLQJ VHSDUDWLRQVHTXHQFHGLUHFWVSOLWWHUGLUHFWVHTXHQFHRI WKHK\GURFDUERQ
PL[WXUHVHSDUDWLRQSURFHVV7KHIHHGFRPSRVLWLRQWHPSHUDWXUHDQGSUHVVXUHDUHGHVFULEHGLQ7DEOH7KH
H[LVWLQJ K\GURFDUERQ PL[WXUH VHSDUDWLRQ SURFHVV ZDV VLPXODWHG XVLQJ D VLPSOH DQG UHOLDEOH VKRUWFXW
PHWKRG ZLWKLQ $VSHQ +<6<6 HQYLURQPHQW $ WRWDO RI  0: HQHUJ\ XVHG WR DFKLHYH  RI
SURGXFWUHFRYHU\

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)LJ6LPSOLILHGIORZVKHHWLOOXVWUDWLQJWKHH[LVWLQJGLUHFWVSOLWWHUGLUHFWVHTXHQFHRIK\GURFDUERQPL[WXUHVHSDUDWLRQSURFHVV
7DEOH)HHGFRQGLWLRQVRIWKHPL[WXUH
 )HHGFRQGLWLRQV 
&RPSRQHQWV 0RODUIORZOEPROK 0ROHIUDFWLRQV
3URSDQH$  
L%XWDQH%  
Q%XWDQH&  
L3HQWDQH'  
Q3HQWDQH(  
Q+H[DQH)  
%HQ]HQH*  
&\FORKH[DQH+  
Q+HSWDQH,  
7ROXHQH-  
QGHFDQH.  
7HPSHUDWXUHR)  
3UHVVXUHSVLD  
2SWLPDO6HTXHQFH'HWHUPLQDWLRQ
7KHRSWLPDOK\GURFDUERQPL[WXUHVHSDUDWLRQVHTXHQFHZDVGHWHUPLQHGE\XVLQJGULYLQJIRUFHPHWKRG
$OO LQGLYLGXDO GULYLQJ IRUFH FXUYHVZDV SORWWHG DV VKRZQ LQ WKH )LJ  DQG WKH RSWLPDO VHTXHQFHZDV
GHWHUPLQHGEDVHGRQWKHSORWWHGGULYLQJIRUFHFXUYHV7KHQHZVHTXHQFHEDVHGRQGULYLQJIRUFHLVVKRZQ
LQWKH)LJ
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)LJ'ULYLQJ)RUFHFXUYHVIRUVHWRIELQDU\FRPSRQHQWDWXQLIRUPSUHVVXUH
)LJ6LPSOLILHGIORZVKHHWLOOXVWUDWLQJWKHRSWLPDO'ULYLQJ)RUFHVHTXHQFHRIK\GURFDUERQPL[WXUHVHSDUDWLRQSURFHVV
2SWLPDO6HTXHQFH(QHUJ\$QDO\VLV
$QHZRSWLPDOVHTXHQFHGHWHUPLQHGE\GULYLQJIRUFHPHWKRGVHH)LJZDVVLPXODWHGXVLQJDVKRUWFXW
PHWKRGZLWKLQ$VSHQ+<6<6HQYLURQPHQWZKHUHDWRWDORI0:RIHQHUJ\ZDVXVHGIRUWKHVDPH
SURGXFWUHFRYHU\
1574   Mohd. Faris Mustafa et al. /  Energy Procedia  75 ( 2015 )  1569 – 1574 
(QHUJ\&RPSDULVRQ
7RWDOHQHUJ\XVHGWRUHFRYHUHYHU\VLQJOHIUDFWLRQVIRUWKHH[LVWLQJGLUHFWVSOLWWHUGLUHFWVHTXHQFHDQGWKH
QHZRSWLPDOVHTXHQFHGHWHUPLQHGE\WKHGULYLQJIRUFHPHWKRGLVVKRZQLQ7DEOH7KHUHVXOWVVKRZWKDW
WKHPD[LPXPRIHQHUJ\UHGXFWLRQZDVDEOHWRDFKLHYHE\FKDQJLQJWKHVHTXHQFHVXJJHVWHGE\WKH
GULYLQJIRUFHPHWKRG,WFDQEHFRQFOXGHGWKDW WKHVHTXHQFHGHWHUPLQHGE\WKHGULYLQJIRUFHPHWKRGLV
DEOHWRUHGXFHHQHUJ\XVHGIRUK\GURFDUERQPL[WXUHVHSDUDWLRQSURFHVV
7DEOH  (QHUJ\ FRPSDULVRQ IRU GLUHFWVSOLWWHUGLUHFW VHTXHQFH DQG GULYLQJ IRUFH VHTXHQFH IRU K\GURFDUERQ PL[WXUH VHSDUDWLRQ
SURFHVV


&RQFOXVLRQ
7KHVWXG\DQGDQDO\VLVRIWKHHQHUJ\VDYLQJLPSURYHPHQWIRUWKHK\GURFDUERQPL[WXUHVHSDUDWLRQSURFHVV
E\XVLQJGULYLQJIRUFHPHWKRGKDVEHHQVXFFHVVIXOO\SHUIRUPHG7KHHQHUJ\RIWKHH[LVWLQJK\GURFDUERQ
PL[WXUH VHSDUDWLRQ SURFHVV VHTXHQFH GLUHFWVSOLWWHUGLUHFW VHTXHQFH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